The aim of this work was to isolate groups of bioactive compounds of biological interest from some varieties of pepper (Capsicum) grown and consumed in Côte d'Ivoire, to assess the ability of organic solvent to extract these compounds and to determine ascorbic acid and beta-carotene content. Polar, non polar and acid compounds of intermediate polarity obtained by thin layer chromatography (TLC) were used to isolate from the acetone extracts, from 33 to 34 compounds for C. annuum and from 27 to 33 for C. frutescens. The number of lipid compounds isolated from C. annuum varies from 32 to 33 and 24 to 29 in C. frutescens. The total non-lipid compounds obtained by the dichloromethane, acetone and methanol extract ranges from 88 to 103 for C. annuum, and from 84 to 96 for C. frutescens. The number of lipid compounds was higher for C. annuum than for C. frutescens. The lipid compounds and non-lipid compounds were highly variable depending on the variety of Capsicum. The ascorbic acid and beta carotene contents were obtained by High-performance liquid chromatography (HPLC). Beta-carotene content in pepper studied ranged from 68 to 535 µg 100 g -1 FW and ascorbic acid from 86 to 96 mg 100 g -1 FW. The current study may contribute to the knowledge of the nutritional and the bioactive compounds of the fruit and may offer knowledge of the potential health benefits for bell pepper consumers in Côte d'Ivoire..
Introduction
The challenge of food security, the constant increase of microbial infections, and diseases related to malnutrition encourage the scientists to investigate new bioactive molecules. These molecules are secondary metabolites such as phenolic compounds, terpenoids, steroids and alkaloids [1, 2] . Fruit and vegetable are important source of bioactive compounds and antioxidant. Fruit, which are rich in antioxidant molecule, are known for their healthpromoting effect against degenerative diseases [3, 4, 5] . Bell pepper (Capsicum) fruit varieties have been identified as potential vegetables with high antioxidant activity [2, 6] .
The cultivation of Capsicum (Solanaceae) originated in Central and South America, with the species C. annuum, C. frutescens, C. baccatum, C. pubescens and C. chinense [2] . Pepper (Capsicum) is a tropical and an important agricultural crop and one of popular vegetables, not only because of its economic importance, but also for the combination of color, taste, pungency, flavor, aroma and nutritional value of its fruit [7, 8] . The genus Capsicum comprises more than 200 varieties, and the fruit vary widely in size, shape, flavor and sensory heat. Pepper fruit can be consumed at different ripening stages (green, red or not fully-ripe). Capsicum annuum and C. frutescens are well known in Côte d'Ivoire for their flavour and burning sensation on the mouth [8] . The group of pungent components peculiar to the fruits of Capsicum plants is called capsaicinoids. It has been reported in recent studies that each capsaicinoid analogue is responsible for different burning sensation in the mouth [9] . They are commonly used as a spice or food and also for a broad variety of therapeutic applications. Capsicum annuum is used in the form of fresh and processed colorants, such as paste, paprika and oleoresin. Their popularity stems from the combination of color, taste and pungency [7] . The dried or fresh form is used in many types of flavorings and cuisines for seasoning sauces. Bell pepper is usually consumed after being cooked in a sauce, cut into pieces in marinade or raw, for consumption in braise, roast, fry or cured meat or fish to accompanied attiéké, a cassava based product from Côte d'Ivoire [8] . It is used as an exhauster of peppery taste especially in a dish called kédjénou, very appreciate in Côte d'Ivoire [8] . Household cooking can cause either decreases or increases in the content of capsaicinoids and phenolic compounds in peppers [10] . In addition to flavoring food, few authors reported an increase of ascorbic acid and carotenoids content of [11] . Thus, they are represented as being retinol equivalent (RE). In the United State of America, vitamin A values now are expressed as retinol activity equivalents (RAE), rather than RE. These carotenoids function as antioxidant at low oxygen pressure and they may protect tissues against free radical damage and peroxidation [12] . Carotenoids also play an important role in human health for their antioxidant and free-radical scavenging effect; prevention of certain types of cancer, cardiovascular disease, eye disorders, skin degeneration and aging.
BIOACTIVE COMPOUNDS AND SOME VITAMINS FROM VARIETIES OF PEPPER (CAPSICUM) GROWN IN CÔTE D'IVOIRE
The most important vitamin in fruit and vegetables is vitamin C. 90% of the ascorbic acid in human diet was supplied by them. Ascorbic acid plays significant functions in the body that enhance its role in the health status of the human body [13] . It is a vitamin whose prescribed requirement across cultures is not uniform. For instance, the prescribed requirement of vitamin C in Great Britain is 30 mg/day, while in the U.S.A., it is 60 mg/day, and 100 mg/day in Japan, 60 or 75 mg/day is recommended by OMS [13] . 
Plant extracts preparation
This method is adapted from [14] Fresh, unblemished fruits were washed then oven dried separately for 5 days for less fleshy fruit such as C. frutescens, and 8 to 10 days for fleshy fruits as C. annuum. The dried fruit were spread out in an electric blender (Warring Commercial 8010E Model 38BL40, France) at 3000 rpm min -1 . The mixture obtained was sieved (with a mesh about 1-2 mm in diameter).
Successive fruits extracts preparations
The assay was used according to [14, 15] method. The following solvents were selected according to their degree of polarity (less polar to more polar): petroleum ether (VWR Prolabo, Normapur, CE-EMB 45,053), dichloromethane, acetone (Merck, Germany) and finally methanol (VWR Prolabo, Normapur, CE-EMB 45,053. Five gram (5g) of powder for each variety of Capsicum was submitted to successive extractions using petroleum ether, dichloromethane, acetone and methanol until complete exhaustion, in order to obtain the petroleum ether, dichloromethane, acetone and methanol extracts, respectively. For the same solvent, the process of extraction was repeated six times with the same residue but using fresh solvent. The organic solvents were evaporated under reduced pressure to dryness to obtain the respective residues from fruit named CPE (crude petroleum ether extract), DCM (dichloromethane extract), ACT (acetone extract) and MET (methanol extract). Dry matter obtained with each solvent was measured and expressed as percent dry matter.
Phytochemical screening
Chemical component identification was done using TLC (thin layer chromatography) method in accordance to the methods described by [14, 16] . The extracts obtained from the successive extraction were used for the phytochemical screening.
The presence of alkaloids, flavonoids, sapronosids, quinones, tannins, steroids, phenol and terpenes were determined using aluminium backed thin layer chromatography plates (cellulose plate for flavonoids, polyphenols, tannins and silica plate for sterols, terpenes, quinones, alkaloids and sapronosids) (GF 254 60 Merck). In each case 50µg was chromatographed. The following three solvent systems were used to develop the plates: System I: Acetic acid/ water (90:10) was used for flavonoids, tannins and phenols; System II: Chloroform/ methanol (98:2) for quinones, steroids and terpenes; System III: Chloroform/ methanol/water (65:25:10) for alkaloids. After drying the plates, the components were visualized under visible light (254 and 366 nm) and sprayed with the following reagents in order to reveal spots of different groups: the sulphuric alcohol used for sterols and terpenes, solution of Draggendorff reagent for alkaloids, alcoholic potash with 5% is used for quinines, ferric chloride with 3% is used for tannins, reagent of Godin and the sulphuric acid are used for the sapronosids. Greenish yellow indicates the presence of flavonoids and polyphenols, alkaloids was revealed by an orange color, sterols and terpenes by a brown color, saponins by violet and blue color after heating, tannins by a blue, green and black color and the presence of quinones by red spots. The experiment was conducted in triplicate.
L-beta carotene determination
The beta carotene from the sample was extracted according to the method described by [11, 17] . 20 mL of 99.8% ethanol and 5 ml of 100% (w/v) potassium hydroxide were homogenised for 5 min using a blender, then added in 5g of each variety of pepper fruits. The mixture was saponified, heated for 30 min, and then cooled to room temperature. The mixture was frequently agitated to avoid any aggregation. The extraction was performed with nhexane. All samples were carried out in triplicates. Quantification of β-carotene was made by external standard of β-carotene (Sigma, Co. Chemical, St. Louis, USA) dissolved in pure n-hexane at final concentration of 1 µg/mL.
L-ascorbic acid determination
Ascorbic acid was quantitatively extracted by using a relatively simple and fast citric acid method as described by [18, 19] with. Fresh samples (5g) from each variety of pepper fruits were homogenised with 5 mL of 3 % (w/v) citric acid (Merck). The extract was mixed and centrifuged at 3000g for 15 min at 5°C.
The slurry was filtered through Whatman paper n°4 and then, using 0.45 mm membrane filter (Millipore) (Sartorius AG, Gottingen, Germany) and stored at -20 °C until used for HPLC injections. Quantification of ascorbic acid was made by external standard of ascorbic acid (Sigma, Co. Chemical, St. Louis, USA) dissolved in the mobile phase (3 % (w/v) citric acid (Merck) at final concentration of 1 mg/mL).
High-performance liquid chromatography analysis conditions
Separation and quantification of beta carotene and ascorbic acid was carried out using an ion exclusion ORH-801 column (300 x 6.5 mm) (Interchrom, France) preceded by an Universal Gard Cartritge-Holder column. The High Liquid Chromatography system (LC-6A, Schimadzu corporation, Japan) was equipped with, Schimadzu LC-6A pump column effluent monitored by an UV detector (SPD-6A Schimadzu corporation, Japan) at 250 nm and 450 nm for vitamin C and β-carotene respectively.
The flow rate for β-carotene was 1.7 mL/min, and the sample injection volume was 20 µl. That of vitamin C was 1.5 mL/min and the sample injection volume was 20 µl. The eluent was for vitamin C and β-carotene was water at pH 2.3 acetone-water (75:25) respectively, were filtered through a 0.45 µm Millipore membrane filter (Sartorius AG, Goёttingen, Germany). Each sample was injected in duplicate. The standard vitamins were filtered and injected as the samples. Ascorbic acid or beta carotene in sample was identified by comparing their retention times with those of standard Lascorbic acid or standard β-carotene. Vitamin quantification was calculated from the curve generated by plotting the peak area of each authentic standard versus concentrations. A 20 µl injection volume was used for HPLC samples. The analyses were done in triplicate and mean values calculated.
Statistical analysis
The results were statistically evaluated by one way analysis of variance (ANOVA) with the software Statistica, 99 Edition. Statistical differences with P-values under 0.05 were considered significant.
Results Bioactive compounds in Capsicum varieties
The samples investigated were analyzed for total bioactive compounds ( Table 1 ). All the varieties of Capsicum studied contain metabolites such as steroids, terpenes, flavonoids, polyphenols and quinone. The methanol extracts differ from the others by the presence of tannins. The number of bioactive compounds determined according to the different (3) solvent systems was shown in table 2. Polar, non polar and intermediate polarity compounds were counted in the crude acetone extracts and the organic extracts. The higher number of polar compounds was obtained with the DCM extract in C. annuum jaune (17). Therefore DCM extract is the solvent that extracts the largest numbers of compounds and CEP, the lowest number in C. frutescens attié (04). The DCM extract presented the highest total number of compounds (146) among all the samples tested, and the MET extract presented the lowest (139). Regarding the total flavonoid content (Table 1) , the highest amount was found in the dichloromethane extract of the fruit. In general, all the systems of chromatographic development have highlighted the many bioactive compounds. The higher number of compounds was revealed by extraction systems II, followed by extraction system III and system I gave the lowest number of compounds.
Beta carotene and ascorbic acid content in Capsicum varieties
Beta carotene (pro vitamin A) and ascorbic acid (vitamin C) contents of the three bell pepper varieties were shown in . Capsicum annuum cultivar antillais has the highest β-carotene content (535.98 µg 100 g -1 ), followed by C. frutescens doux (434.45 µg 100 g -1 ). There were significant differences (P<0.05) between β-carotene content among the three Capsicum cultivars examined in this work. There was a significant difference (P<0.05) between ascorbic acid content of C. annuum antillais (96.62±19.42 mg 100 g -1 ) and the other two varieties studies. However, no significant difference (P>0.05) was noted for ascorbic acid content between C. annuum jaune and C. frutescens doux.
Discussion
The ability of methanol to extract tannins was observed by other authors [20, 21] . According to Dharmananda [22] , tannins are responsible for the astringent taste of vegetables. The presence of tannins in Capsicum peppers support the traditional medicinal use of these fruits in treatment of different illnesses. They are used to treat intestinal disorders such as diarrhea and dysentery and have antimicrobial activity. Li et al. [3] reviewed the biological activity of tannins and they observed that they have remarquable activity in cancer prevention and as anticancer agents, thus suggesting that Capsicum fruits have potentials as source of important bioactive molecules for treatment and prevention of cancer.
One of the most common biological properties of alkaloids is their toxicity against the cells of living organisms. In addition, the alkaloids have anti-inflammatory, asthma, anaphylactic properties by modifying the immune status in vivo. The alkaloids are used in painkillers [23] . Some alkaloids are very active on chloroquine-resistant plasmodium [24] . Flavonoids have a wide range of biological activities (antimicrobial, antileishmanial and antitrypanosomal, anti-inflammatory antiangioniques, analgesic, antiallergic, antioxidant and cytostatic) [25] .
For Ferguson [26] , flavonoids promote health by preventing diseases associated with oxidative damage of membrane, protein and DNA. Flavonoids in the human diet reduce the risk of various cancers and prevent menopausal symptoms. Epidemiological studies suggest that the consumption of flavonoids is effective in lowering the risk of coronary heart disease. Furthermore, several flavonoids exhibit antiviral activities [27] . The presence of sterol, polyphenols, terpenes and quinones has earlier been reported with antimicrobial activity [28] . Quinones are popular for its antiamoebal activity against the malaria parasite. The presence of these components makes the Capsicum fruit food with high bioactive potential. Howether, the material extracted vary according to the variety of pepper, the nature and the physicochemical characteristics of the solvents used, including their polarity. These results were in agreement with those of [1, 2, 29] who indicated that C. annuum and C. frutescens have a wide array of phytochemicals with well-known antioxidant properties.
Beta carotene content in C. annuum and C. frutescens varieties have been extensively studied and characterized for selecting high-carotenoid producing cultivars [30] . The beta carotene content of C. annuum jaune was lower than those of the other two varieties studied (Table 3) . Marin et al. [31] reported a high pro-vitamin A content in the mature stage of peppers. Recently, Guzman et al. [11] indicated that orange or yellow color in Capsicum fruit can have very low amounts of the β-carotene level. The level of β-carotene in pepper depends upon various factors: the level of expression of the genes governing carotenogenesis, physiological and morphological characteristics intrinsic to the cultivar, and probably growth conditions [31] .
Beta carotene content reported in this work falls within the range reported by other authors for pepper fruits [30, 32] . Ha et al. [32] observed that beta carotene content in the Capsicum cultivars ranged from 100 to 1300 µg 100g -1 fresh weight. Guzman et al. [11] indicated that β-carotene contents could range from 100 µg to 6000 µg 100 g -1 dry weigh. The more recently devised Dietary Reference Intake (DRI), [33] values for vitamin A, established by the Food and Nutrition board of the Institute of Medicine are, 900 and 700 µg RAE/day for adult (ages 19-50 years) males and females, respectively (IOM) [33] . The RAE of the varieties cannot be calculated without their content beta cryptoxanthin or total pro vitamin A compounds. Based on these references, the consumption of about 100 g fresh bell pepper fruits in a day would provide between 30% and 60% of US DRI values of vitamin A for an adult, depending on the Capsicum variety and ripeness.
Vitamin C content in the peppers ranged from 86 to 96 mg 100 g -1 . Higher ascorbic acid content was determined in C. annuum antillais (Table 3) . This result was similar to those of Frary et al. [34] who found vitamin C content from 52 to 163 mg 100 g -1 in Capsicum cultivars investigated, and also in accordance with those seen in other studies [19, 31, 34] .
However results in this work disagree with those reported by Cruz-Perez et al. [7] which indicated lower levels of ascorbic acid contents, between 5 and 63 mg100 g -1 fresh weights of five ripe Capsicum fruits. A notable exception is the work of Guil-Guerrero et al. [35] which reported high vitamin C contents of 100 to 380 mg 100 g -1 for 10 Capsicum cultivars grown in Spain.
Kumar and Tata [36] showed considerable variation in ascorbic acid content ranging from 44 mg to 280 mg 100g -1 among the eighteen genotypes of C. annuum studied and concluded higher ascorbic acid content in the ripening red stages rather than in the green stage. The lower values of ascorbic acid found in this study in comparison to other studies could be explained by the maturity stage. Harvested at the red stage contained significantly greater ascorbic acid levels (153 mg 100 g -1 ) than green fruit. Variation in ascorbic acid content can be attributed to multiple factor such as temperature fluctuations, cultivar response and sampling variation. This difference could be explained by the fact that the fruits were probably not harvest at the same age, therefore of the same generation, maturation and not treated by the same commercial agricultural practices [7, 36] . Furthermore, minor differences in the extraction methods may be attributed to such differences in ascorbic acid results. Interestingly, the cultivars assayed in this work could supply 100% of the daily Recommended Dietary Allowance (RDA) of vitamin C. The devised Dietary Reference Intake (DRI) values for vitamin C are 75 and 90 mg/day for adult males and females, respectively [33] . Considering these values, consuming about 100 g fresh ripe fruits in a day would provide 114% to 128% of US DRI values of vitamin C for an adult (ages 19-50 years) male, and 95% to 106% for adult (ages 19-50 years) female depending on the Capsicum variety. 
Conclusion
The polar, non-polar and the acidic compounds of intermediate polarity from crude acetone and petroleum ether extracts showed less variability regardless of the variety of Capsicum studied. C. annuum antillais that had higher beta carotene content had also higher ascorbic acid content. It comes out from this study that C. annuum and C. frutescens are a great source of potential bioactive compounds. The current findings are essential as new information to the scientific database in Côte d'Ivoire, due to a lack of related literature on the varieties of bell pepper fruit grown, consumed and used in traditional medicine. The current study may contribute to the knowledge of the nutritional and the bioactive compounds of the fruit and may offer knowledge of the potential health benefits for bell pepper consumers in Côte d'Ivoire. 
